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RESEARCH MEMORANDUM

THE SUBSONIC AERODYNAMIC CHARACTERISTICS OF TWO DOUBLE-WEDGE
ATRFOITL, SECTIONS SUITABLE FCR SUPERSONIC FLIGHT

By Joseph Solomon and Floyd W. Henney
SUMMARY

High-speed wind-tupnel tests have been made to inveatigate the aero-
dyunamic characteristics at subsonic speeds of two symmetrical double—
wedge airfoil sections of I~ and 6-percent—chord thickness suitable for
application to supersopnlc aircraft. BSection coefficlents of 1lift, drag,
and quarter-chord pitching moment are presented for a moderate range of
angles of attack at Mech numbers up to epproximately 0.93. Comparisons
are mede between the significant characteristics of the double—wedge
airfoils and those of the NACA 65-206 airfoil as en index of the merit
of the former at subsonic speeds.

The double—wedge airfoll exhibits no characteristics other than
those common to the usual subsonic profile which would combribute to un—
steady or uncontrollable flight at subsonic speeds of aircraft employing
such a section for lifting surfaces. The lift-curve slope varies with
Mach number in a manner similar to that for NACA 65-series airfoils of
small thickness. The maximum 1ift ccefficients at low Mach numbers for
the double—wedge types of airfoll are comparable tc those of uncambered
6—percent—chord~thick NACA airfoils. The drag characteristics of the
double-wedge airfoll, while definitely inferior to those of more conven—

ional airfoils at all but the highest test speeds, ars such as to pexr—
mit reasonably satisfactory airplane porformsnce at subsonic speeds. In
sumery, the test results indlcate the definite practicability of the
flight at subsonic speeds of alrcraft with wings composed of thin ailrfoil
gecticns of the doubie-wsdge type.

INTRODUCTION

The present widespread ascceptance of the concept of practical flight
at supersonic speeds has focused increasing attention upon the develop—
ment of airfoil shapes which will permit sustained flight of aircraft at
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these speeds. The shapes, and hence the aerodynamic charecteristics, of
airfoils deslgned for use at supersonic spesde differ basically from
those employed at subsonic speeds. The supersonic airfoil, in practical
application, however, must traverse the subsonic gpeed range In acceler—
ating to supersonic velocitles. Any alrfoil section suiveble for super—
sonic application must in addition, thereforse, permit steady and con—
trollable flight at subsonic and transonic speeds.

The present investigetion was undertaken to provide information om
tke behavlior .at subsonic speeds of two double—wedge airfoll sections
suitable for use at supersonic speeds. Those aerodynamic characteristice
which largely determine airplane performance, stabllity, end comtrol were
evaluated for symmetrical double-wedge alrfeoils having thickness—chord
retios t/c of 0.04k and 0.06 and compared with corresponding character—
istics for the NACA 65-206 airfoil section. The latier was chosen as the
most satisfactory 6-psrcent—chord—thick subscnic alrfoill section for
which comparable data were avallable. This comparison, made under vir—
tually identlcal teat conditions of Reynolds pumber, tunnel-well inter—
ference, and instrumentation, afforded a reliable means for evaluating
the relative merits at subsonic speeds of the double-wedge alrfoll sec—
tion. . ) . o A . .

Apparatus end Tests

The tests were performed in the Ames 1— by 3$-foot high—speed wind
tunnel, & low—turbulence, two—dimensicnal flow, cloged—throat wind tun—
nel. Power 1s supplied by two 1000-horsepower motors in sufficisnt quan—
tlty to achieve the choked-flow conditlon discussed in reference 1.

Two doubly symmetricel double-wedge airfoils having thiclmesses of
4 end 6 percent of the chord were comstructed of steel for the tests. A
sketch of the double-wedge sections together with the NACA 65-206 profile
appears in figure 1. A photograph of an actual model isg given in figure
2. The airfoils were of 6—inch chord and were mounted as shown in figure
3 80 as to span completely the l-foot width of the turnel test sectlon.
Two—dimensional-flow conditions were achieved through the prevention of
end lsakage ebout the alrfoil by means of rubber gaskets compressed be—
tween the model ends and the tunnel side walls.

Measurements of 1lift, drag, and quarter—chord pitching moment were
mede similtanecusly for angles of attack from 0° to 10° at Mach numbers
from 0.30 to approximstely 0.93, the tummel choking speed for the models
tested. The Reynolds numbers correspcnding to these Mach numbers renged
from spproximately 1 X 108 to nearly 2 x 10°.

Airfoil 1ift end piltching moment were determined from measurements
of the reactions on the tumnel walle of the forces on the ailrfoll. Very
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gatisfactory agreement has been demcnstrated in previous tests between
1ift and moment characteristics determined by this method and the corre—
sponding characberistics integrated from sim:zltaneously observed pressure
distributions. Drag was determined from wake-survey measgurements made
with a movable raks of total head tubss.

TEST RESULTS

Section 1ift, drag, and quarter—chord pitching-moment coefficients
for the 4— and 6-percent—chord double—wedge airfoils are presented in
figures 4 to 6 and T to 9, respectively, as functions of Mach number for
constant angles of attack. Corresponding characteristicas for the NACA
65-206 airfoil section are given in figures 10 to 12. Crose plots at
constant Mech number showing the variation of sectlon 1ift coefficient
with angle of attack, and of section drag and pitching-moment coeffi—
cients with section 1lift coefficient for all three airfolls appear in
figures 13 to 21. Ths apparent failure in ths cases of the double—wedge
airfoils to realize zero 1ift and zero pitchking moment at zero incidence
throughout the entirs Mach number range is atiributed to two factors.
First, the airfolils were not exectly symmetrical about both the chord
line and the midchord axis. Second, the method of 1lift and pitching—
moment messulrement involves the application of substantial tare correc—
tions to the measured data. Hence at very low angles of attack, where
the indicated forces on the airfolls are of the same order of magnitude
as the tare corrections, small errors may be introduced in reducing the
measured data to the actual airfolil characteristics. All data have been
corrected for tunnel-wall interference by the methods of reference 1.
The broken lines noted in the curves of figures L to 21 are used to indi-
cate that data obtained in the vicinity of the wind~tunnel choking veloc—
ity are not considered reliable.

A measure of the relative merit of the double—wedge sirfoil at high
subsonic epeeds is given in figures 22 and 23 which depict the variation
of the respective lift— and drag-divergence Mach numbers with section
1ift coefficlent. For cdmparative purposes the divergence velocities for
the NACA 65206 airfoil are also shown in Figures 22 and 23. The Msach
number of 1ift divergence is defined as the value of the Mach number cor—
responding to the Inflection point immedistely preceding the major peak
on the curve of 1lift coefficient egaingt Mach number. The drag—divergence
velocity is the Mach number at which the final repid rise Iin drag coeffi-—
cient beginse.
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DISCUSSION

L1ft Cheracteriagtics

The variation of section Yift coefficient with Mach number, shovn in
figures 4 and 7 for the double wedge airfolls, sppears to be very similar
to that for more comvantional airfoil sections as exemplified by the
NACA 65-206 profile in figure 10. Iift for the double-wedge airfoils is
in fact maintained to Mach numbers as high as those for the NACA 65-206
airfoil albelt the lift—-divergehce Mach numbers, as defined herein and
Presented in figurs 22 for the airfolls under ccnsideration, weuld not
appear to fully support this contention.

Lift divergence, as might be sxpected, 1s postpcomed to momewhat
higher Mach numbers for the 4-~percent—chord thick airfoil than for the 6—
vercent—chord thick section.

A particulerly significant characteristic of airfoil secticns is the
slope of the 1ift curve because it ig one of the principal factors affect—
ing alrplsne stabllity and control. In figure 24 the varlation in 1lift—
curve plope with Mach number for the double-wedge airfolls ig seen to be
similar to that for the NACA 65-206 airfoil. The low—sgpeed value of 1lift—
curve slope corresponds to the usual value of apprcximately 0.1 (per
degree) for airfoils. At high Mach numbers the effect of thickness on the
slope appesrs to be the same for the double-wedge airfoils as that which
has been noted elsewhere for other type airfolls. Changes in stablility
at transonic speeds, as influenced by variations in lift—curve slope,
would seem, then, to be no more severe for aircraft employing double—wedge
airfoll sections as lifting surfaces than for those employing more c¢cnven—
tional gections.

The meximum }ift characteristics of the symmetrical double—wedge air-
folls are seen from figure 25 tao be inferior to those of the NACA 65-206
goction. This cbmervation is not as significant as would first appear in
view of the evidence presented in referencs 2 demonatrating that, for
Reynolds mumbers frem 3 X 108 to 9 X 10%, +the maximum lift coerfi-
cients of all NACA 6-percent-chord—thick symmetrical airfoil eectlions have
values in the neighborhood of 0.83. The addition of camber appears, from
this reference, to result in an increase in the maximum 1ift coefficlemnt
by en amount approximately egqual to the design 1ift coefficient. The low—
speed (0.3 Mach number) value of maximum 1lift coefficient of approximately
0.82 for the 6-percent—chord—thick double-wedge airfoil would appear to
indicate that the thin double—wedge airfoils are as satisfactory es other
types of alrfoils of ccmparable thicknese as far as meximum 1lift is com—
cerned.

ana—
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Draeg Characteristics

The variastion in section drag coefficient with Mach number shown in
figures 5 and 8 for the double~wedge airfoils is similar to that for
subgonic airfoil sections (cf. fig. 11 for the NACA 65-206 sirfoil).
Although for a given 1lift coefficient the drag coefficients for the
double—~wedge sections are considersbly in excess of those for the NACA
65--ssries airfoils over most of the speed range investigated, the drag .
curves for the former rise less steeply with Mach number beyond the dreg-
divergence velocity. This characteristic is more clearly illusirated in
figure 26 which depicts the variation in section drag coefficient with
Mach number at a lift coefficient of 0.1 for both the double—wedge aixr—
foils and the NACA 65206 airfoil. From this figure a reduction in thick—
nesg of the double-wedge profile 1s seen to result in a more gradual drag
increase with Mach number sbove the drag-divergence velocity.

In figure 23 it may be seen that the Mach numbers of drag divergence
for the doublewedge airfolil are very much lower then those for the
NACA 65-gperies airfoll of comparable thickness, probably because of the
abrupt change in contour at ths midchord pogition of the former.

Pitching-Moment Characteristics

Figures 6 and 9 indicate little variation in pitching-moment coeffi—
cient with Mach number at small angles of attack for the double-wedge
airfoils. Thie characteristic is more strikingly demonsirated in figure
27 where the variation in pitching-moment coefficient with Mach number is
shown for both the double wedges and the NACA 65206 airfoil at a 1ift
coefficlent of 0.1. From thisg figure it may be noted that the variation
is much less for the double~wedge airfoils than for the NACA 65206 air—
foil, Thils difference in variation can probably be attributed to the
amount of camber rather than to the particular airfoil shape.

The variation in pitching-moment coefficient with 1ift coefficlient,
which appears in figures 15 and 18, respectively, for the 4— and 6-per—
cent double wedges at various Mach mumbers, is such as to exert a mildly
stabllizing effect upcn an airplane. At very high Mach nmumbers this
stabilizing influence becomes increasingly severs.

CONCIUSIONS

From the results of tests at subsonic gpeeds of two double—wedge
airfoil sections sultable for use at supersonic speeds the follcwing
significant conclusions are drawn:
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1, The double-wedge aiffoil of small thickneseg exhibits no charac-
teristics peculiar to its type which would prohibit ite use es a 1lifting
-surfacse on alrcraft operating In the subsonlc speed range.

2. The slopes of the lift curves for the double-wedge airfoils at
low speeds correspond to the usual value of approximately 0.1 (per degree)
for airfoll sections.

3. The low-spesad maximum lift coeffliclents of the double-wedge air-
folls Investlgated are senslbly the same as those of uncambersd NACA
alrfoils of comparable thickness.

4, The drag characteristics of the double-wedge alrfolls are 1nfe-
rior except at very high Mach numbers to those of the NACA 65-206 eirfoil,
& representative thin subsonic profile. At speeds somewhat above those
correeponding to drag divergence, the drag rises less steeply with Mach
number for the former.

5. At low 1ift coefficlents the variation in pltching-moment coef-
ficlent with Mach number for the double-wedge alrfoils 1s regular and
small.

Ames Aeronautlcal Laboratory,
National Advisory Commlttee for Asronautics,
Moffett Field, Calif.
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